13 nucleotides of the reiterated terminal sequences of RSV, may act as a competitive inhibitor of hybridization and interfere with viral production and cell transformation. Likely sites of action are (i) the circularization step of the proviral DNA intermediate, and (ii) the initiation of translation. Such a tri- Research) , and in the preceding paper (9) we show that the production of RSV is inhibited when the tridecamer is added to chick embryo fibroblast tissue cultures infected with RSV. This paper is concerned with the effect of the complementary oligodeoxynucleotide on the translation of heated RSV 70S RNA in a cell-free wheat embryo system. We find that the synthetic tridecamer serves as an efficient inhibitor of the translation of denatured RSV 70S RNA and to a lesser extent denatured AMV 70S RNA, which has a somewhat similar reiterated sequence. The inhibition is greater for oncornavirus RNAs than for globin mRNA or brome mosaic virus (BMV) RNA. In addition, several oligodeoxynucleotides of the same size range have only a small effect on the translation stimulated by any of the mRNAs. The tridecamer efficiently primes the reaction catalyzed by AMV RNA-dependent DNA polymerase (reverse transcriptase, EC 2.7.7.7) using RSV heated 70S or 35S
decamer [d(A-A-T-G-G-T-A-A-A-A-T-G-G)J has been synthesized (Collaborative
The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 The wheat germ was from General Mills though the courtesy of W. C. Mailhot. Rabbit reticulocyte 9S RNA was a generous gift from J. Gilbert. We are grateful to P. Kaesberg for the BMV from which we extracted the total RNA. RNA was isolated from AMV and RSV by phenol/sodium dodecyl sulfate extraction of frozen virus pellets, using minor modifications of our earlier procedure (10, 11) . The RNA was fractionated on sucrose/Sarkosyl gradients and the 70S RNA was isolated. The 70S RNA was heated to 830 for 3 min and was used as such (A 70S RNA) or in some cases further fractionated on sucrose gradients to recover the 35S RNA (11) . Total BMV RNA was extracted as above from a virus suspension and was not fractionated.
The wheat embryo protein-synthesizing system was essentially that of Roberts and Paterson (12) and Davies and Kaesberg (13) , using a dialyzed 30,000 X g supernatant (see Table 2 for details).
The viral reverse transcriptase assay was standard (14, 15) using [3H]dTTP and unlabeled dATP, dGTP, and dCTP with the viral RNAs as templates (see Table 1 (dT)12_18 (A)n 0.0006 150,800 The viral reverse transcriptase assay and washing are similar to those used earlier (9, 14, 15) for different templates and primers. Each tube contained 100 il, incubated for 90 min at 37°. The amounts of tridecamer and RNA templates were as indicated (1 A260 unit is the amount of material giving an absorbance of 1 when dissolved in 1 ml and the light path is 1 cm); in addition, the mixture contained 1 mM each dATP, dGTP, and dCTP, and [3H]dTTP (0.2 mM containing 3 X 106 cpm), plus 1 Al of viral reverse transcriptase (7000 units/ml) (15) . Aliquots (50 Al) were washed and measured for radioactivity (9) .
finding that the tridecamer does act as a primer for purified AMV reverse transcriptase, using both RSV and AMV A 70S RNA or 35S RNA as template (Table 1) . It is not surprising that the tridecamer is 7-fold better as a primer with RSV RNA than with AMV RNA as a template because it provides an uninterrupted sequence of 13 nucleotides for hybridization with RSV RNA but only 10 nucleotides for AMV RNA. The 3'-terminal sequence of AMV 35S RNA is similar to the reiterated sequence of RSV as found by Stoll et al. (8) a concentration level at which the tridecamer inhibits over 90% of viral RNA-stimulated incorporation. This is shown in the radiofluorogram of a gel in Fig. 1 . In Fig. 1 Blocked tridecamer added to the wheat embryo system stimulated by A 70S RNA is less inhibitory than the unblocked tridecamer (not shown). This is not surprising, because the size of the terminal blocking groups (i.e., the phenylisoureas) may interfere with hybridization of the tridecamer on sites on the viral mRNA (9) .
DISCUSSION
Evidence in the preceding paper (9) indicates that addition of the tridecamer to chick embryo fibroblast cells in culture inhibits production of RSV. The in vitro evidence presented here (Table 1 ) of the ability of the tridecamer to prime oncornavirus high molecular weight RNA, using purified reverse transcriptase, indicates that the oligodeoxyribonucleotide is able to hybridize with the viral RNAs, presumably on the 3' member of the reiterated sequences. The tridecamer primes at least 7 times more efficiently with RSV than AMV RNA. In the experiment cited in Table 1 , 0.1 A260 unit of the RSV 70S RNA was satu- The translation assay was a slight modification of standard procedures (12,13) using a dialyzed S-30 (30,000 X g supernatant) wheat embryo acid-insoluble material following incubation at 300 for 60 min. After incubation, 250 ,ug of carrier albumin was added followed by 1.0 ml of 10% trichloroacetic acid containing 1 mg of methionine per ml. The precipitate was centrifuged and the pellet was dissolved in 1 ml of 0.2 M NaOH at 370 for 20 min to hydrolyze the RNA. Proteins were reprecipitated by the addition of 1 ml of 20% trichloroacetic acid with methionine as above. The tubes were chilled 20 min and the precipitates were filtered onto a glass-fiber filter (GF/C), 25-mm diameter, using a Hirsch funnel. Proteins were washed eight times with 10 ml of 5% trichloroacetic acid and once with 10 ml of 95% ethanol. The filters were dried, 75 ,ul of H20 plus 0. 
Tridecamer is d(A-A-T-G-G-T-A-A-A-A-T-G-G); A is d(G-G-A-A-T-T-C-C); B is d(C-C-A-A-G-C-T-T-G-G).
rated by the primer at 0.005 A260 unit or below, while the AMV 70S RNA was not saturated by 10 times as high a concentration of primer. This is likely due to the uninterrupted complementarity of the tridecamer with RSV RNA, compared with AMV RNA, which contains three nonhybridizing bases. Table 1 also indicates that tridecamer blocked at both ends (9) was 80% less efficient as a reverse transcriptase primer than unblocked primer at the lowest concentration used. Higher concentrations allowed more priming to take place. Such priming could be due to loss of blocking agent during the incubation or to the presence of small amounts of unblocked tridecamer in the preparation, which would have a free 3'-OH at the 3 (Fig. 1, band 3 ).
It remains to be determined whether this inhibition of translation by the tridecamer is due to hybridization of tridecamer near potential initiation site(s) for viral protein synthesis close to the 5' end of 35S RSV or AMV RNA, or to interference by structural effects on initiation sites farther from the 5' end. As for possible interference by preventing complexing of mRNA to ribosomes, because the nucleotide sequence at the 3' end of 18S RNA differs markedly from a complement to the tridecamer (20) , the latter possibility does not appear likely.
There was a slight inhibition of globin synthesis by the tridecamer when globin message was used. This may be explained by the fact that there is a partial sequence homology of the 3' terminal region of globin mRNA and the 3'-terminal nucleotides in RSV 35S RNA (1, 21) .
Recent experiments (22) mechanism of future chemotherapeutic potentiality, with possibilities for both RNA and DNA oncogenic viruses, and for other nonintegrating viruses as well.
It might also be possible to inhibit the translation of a specific cell protein, if that were desirable. The inhibition of globin synthesis might, for example, be useful in polycythemia vera.
